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EXECUTIVE SUMMARY 

This document provides a description of the models selected to perform groundwater, surface- 
water, and alr modehg for Rocky Flats Plant Operable Unit No 6 (OU6) m support of the 
Human Health &sk Assessment (risk assessment), which is part of the OU6 Phase I Resource 
Conservation and Recovery Act (RCRA) Fachty hvestigation/Remedial Investigation 

(RFI/RI) This document does not describe the detads of the unplementation of selected 
models to the site-spec& conditions at OU6, that wdl be described m detad m the Phase I 
RFI/RI Report 

The ObJeCtiVe of the modehg is to support the Human Health fisk Assessment portion of the 
RFI/RI Report for OU6 This w d  be awmp&hed by smulatmg the transport of chemicals 
o€ Eoncern from OU6 to potential exposure pomts for human receptors under present and 
anticipated future site conditions 

i 

A conceptual site model (CSM) bas been developed to i&rt&y allid evaluate the chemical 
source areas, chemical release mechanlsms, envlronmental transport media, potential human 
mtake routes, and poten'tid human receptors at OU6, The purpose of the CSM is to identdy 
human exposure pathways to be qumitatively evaluated hJhe Human Health fisk Assessment 
Exposure pathways chosen for evaluation m thgzisk"'&essmnt that mclude transport media 
such as groundwater, surface-water, and au; may requlre fate and transport modehg to 
estlmate chemical exposure pomt concentrations The followmg document describes the 
exposure pathways to be evaluated m the Human Health Rrsk Assessment that w d  requlre such 
modehgwd ddentlfies the mathematical modelsyhat wdl be used to estunate exposure pomt 
concentrations The models arehased on data that have been collected at the site as part of 
the Phase I RFI/IpI for OU6 At the tune this technical memorandum was prepared, only a 
portion of the sod and groundwater data from the Phase I mvestigation were avadable If 
additional data that are substantially dlfferent than those used rn developmg this technical 
memorandum become avadable, revisions to the modehg approach may become necessary 

I 

The followmg models were selected to meet the requlrements and objectives of the modehg 
study 

0 The ONED3 analytical model for groundwater contammant fate and transport 
Also, water balance and chemical mass balance analyses to evaluate contammant 
fate and transport 
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The watershed/water quahty model HSPF9 for surface-water fate and transport 

0 The Superfund Exposure Assessment Manual (SEAM) Models for sod gas fate 
and transport, a box model for on-site ambient au contammant fate and 
transport, and Fugtive Dust Model (FDM) for off-site ambient alr contammant 
fate and transport of OU6 source air emusions 

Data avadable for use as mput for the modehngactiviQes were evaluated based on a review of 
previous and ongomg mvestigations, and <general herake;  Tables 3-1, 3-2, 3-3, and 3-4 
summarue the data currently avadable to estmate model mput parameters Additional data 
from the Phase 1 RFI/RI mvestigatton wdl be used m the modehg effort once those data 
become avadable 

The data presented in Tables 3-1,3-2,3-3, and 3-4 are prelunmaryand, m some cases, are not 
site speclfic The data values "or ranges o€'plllues are na mtqded to be fixed or final The 
ranges are presented to convey what is currently known of thepotential vanabhty m the 
parameter values that may be used in the models - 

b 
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1.0 
INTRODUCTION 

3y 

s1 

This document provides a description of the models selected to perform groundwater, surface 
water, and a r  modehng for the OU6 Human Health fisk Assessment The results of the 
modelmg wdl be used as exposure pomt concentrations m the Human Health hsk Assessment, 
which is part of the OU6 Phase I RCRA RFIIRI Thq RFI/RI is bemg conducted pursuant to 
the Comphance Agreement between the US Department of Energy (DOE), the US 
Envronmental Protection Agency (EPA), gnd the State of Colorado Department of Health 
(CDH), dated July 31,1986, and the Federal Fachty Agreement and Consent Order (FFACO) 
[known as the Inter-Agency Agreement (JAG)], dated January 22, 1991 The DOE 
Envxonmental Restoration Program (WJ was formed to ide@@, mvestigate,.and If necessary, 
remediate contammated sites at DOE fdhbes The pragain, m f u U m g  this mission, 
addresses RCRA and Comprehenave Envronmental Response, Gompensation, and Liabhty 
Act (CERCLA) issues In accof$anc<*mth % the IAG, &e CERCLA terms "Remedial 
Investigation" and "Feasibhty Study" KI thls document are co&idered equivalent to the RCRA 
terms "RCRA Fachty Iiwestigation" and "Corrective Meaures Study," respectively 

Thls technical memorandum *atended for review - w m  x y  insonjunction with the Human Health fisk 
Assessment Exposuse Scenarios Technical M a n a a d u m f ~ ~  OU6 (DOE 1993) The reader of 
this technuxi memorandum 1s referred t o  that document for additional mformation or details 
on the exposure Scenarios to be wed for W 6  

- 
a- 

\ 

The rernahder m f  Section 14 lncludes a discussion of the purpose of this technical 
memorandum, the objectlves.sf the modehg activities (Section 1 l), and a brief description of 
the site location and general site conations (Section 12) Section 2 0 presents the conceptual 
site model and exposure pathways to be evaluated m the risk assessment for OU6, and Section 
3 0 presents descriptions of the selected models for groundwater, surface water, and alr, and a 
summary of model input parameter values Section 4 0 presents a summary, and Section 5 0 is 
a hst of references used m preparmg this technical memorandum 

1.1 PURPOSE AND SCOPE 

The purpose of this document is to provide a description of appropriate groundwater, surface 
water, and a x  models for use at OU6 This document fulfdls the IAG requirements (IAG 1991, 
Section VI1 D 1 b) that state 

1-1 
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DOE shall submit for review and approval a description of the fate and transport 
models that wdl be uthzed, mcludrng a summary of the data that wdl be used with these 
models Representative data shall be uthzed, and the lunitations, assumptions and 
uncertamties associated with the models shall be documented 

The model selection process focuses on models appropriate for slmulatmg processes affectmg 
the migration of contammants through the saturateckzone, the unsaturated zone, surface water, 
and the axborne transport of contammants Model selection is based on the general site 
conditions outhed m this document and m the Phase r WI/RI Work Plan for OU6 (DOE 
1992a) Site-specific data wdl be mcorporated mto the models 

Modelmg activity quahty assurance is covered by the site-wide quahty assurance plan (EG&G 
199 la) Modehg quahty assurance (QAY includes model verJfication, checksylQn calculations, 
and technical review of modelmg methods,wmptions, resuh8' md mterpretations 

--+ 
% 

The objective of the modehg is to suppart tlw Human I-kw&k A&ssment portion of the 
RFI/RI Report for OU6 This wdbe accomphshed by s h a t m g  the transport of chemicals 
of concern from OU6-W potential exposure pamts for human receptors under present and 
anticipated future site cortditions * 

-% -- 
12 SITE LOCATIO$ AND GENERAL snx-com-s 

The Rwky "Flats Rant (RFP) is aGovernmmt-owqe2I and contractor-operated fachty that 1s 

part Qf the nationwde nuclear weapons prorlu&wn complex RFP was operated for the U S 
Atomic 'Energy Cbmmission. (AEC) from theaRFP's mception m 1951 untd the AEC was 
dissolved m January 1975 At that tune, responsibhty for RFP was assigned to the Energy 
Research and Development Admistgation (ERDA), which was succeeded by DOE m 1977 
Dow Chemical USA, an operatmg'unit of The Dow Chemical Company, was the prune 
operatmg contractor of the fachty from 1951 untd June 30, 1975, when it was succeeded by 
Rockwell International On January 1, 1990, EG&G Rocky Flats, Inc succeeded Rockwell 
International 

RFP's prunary mission has been to produce metal components for nuclear weapons These 
components are fabricated from plutonium, uranium, and nonradioactive metals (prmcipally 
berylhum and stamless steel) Current waste handhg practices mvolve on-site and off-site 
recychg of hazardous material, on-site storage of hazardous and radioactive mlxed wastes, and 
disposal of sohd radioactive materials at another DOE fachty However, historically, the 
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operatmg procedures mcluded both on-site storage and disposal of hazardous and radioactive 
wastes Prehminary assessments under the ERP identdied some of the past on-site storage and 
disposal locations as potential sources of envrronmental contammation 

RFP is located on 6,550 acres of federally owned land m northern Jefferson County, Colorado, 
appromately 16 mdes northwest of Denver (Figure 1-1) Surroundmg cities mclude Boulder, 
Broomfield, Superior, Westmmster, and Arvada, which are located less than ten mdes to the 
northwest, east, and southeast Withm RFP is a Protected Area (PA) or security area 
surrounded by a buffer zone of approxunately 6,150 acrm A general description of RFP IS 
presented m this section For a more detajled description, please refer to the RFI/RI Work 
Plan for OU6 (DOE 1992a) 

This Phase I RFI/RI modehg technical memorandum addresses OU6, wh& IS the Walnut 
Creek Priority Dramage located north an6 east of the RFP smur’ity area Figwe 1-2 shows the 
locations of this area, and the E f S s  withm OU6 The followmg sites we designated as IHSSs 
at OU6 ”% ’x- 

*.“ 

---% 
% 

\ 

0 A-serisponds (IHSSs 142 1, 142 2, 142 3, and 142 4) 
B-series ponds (IHSSs 142 5, 142,6, %42 7, 142 8, and 142 9) 
Pond at thewrseetion of Walnut Ckeelc and Indiana Street (IHSS 142 12) 
North, Pdnd and South Area &$xq~E& (IHSSs 167 1, 167 2, and 167 3) 
Tqenches A, B, and C f.l€ISSs 466 1, 166 2, and 166 3) 

Sludge Dlspersal Area (IHSS 143) 

Sod Dump Area (JBSS 156 2) 
East Spray Field ‘(U-BS 216 1) 

0 

0 
-* l̂cl-- 

0 

0 

i. * Old Outfall‘(1HSS 141) 
0 

0 Traangle Area (XHSS 165) 
0 

0 

A more detaded description of each IHSS and the types of associated contammation can be 
found m the Phase I RFI/RI Work Plan for OU6 (DOE 1992a) 

12.1 Physical Setting 

The natural envrronment of RFP and its vicmity is mfluenced prmardy by its proxunity to the 
Front Range of the Rocky Mountains RFP IS drrectly east of the north-south trendmg Front 
Range and is located approximately slxteen mdes east of the Contmental Divide, on a broad, 
eastward-sloping plain of coalescmg alluvial fans developed along the Front Range at an 
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elevation of approxlmately 6,000 feet above mean sea level The fans extend appromately five 
mdes m an eastward direction from then origm at Coal Creek Canyon and termmate on the 
east, at a break m the slope, as low ro lhg  hdls The operational area at RFP is located near 
the eastern edge of the fans on a terrace between stream-cut valleys (North Walnut Creek and 
Woman Creek) 

Three mtermittent streams dram RFP with flow generally from west to east These dramages 
are Rock Creek, Walnut Creek, and Woman Creek. Rock Creek drams the northwestern 
comer of RFP and flows northeast through the buffeFgone to its off-site confluence with Coal 
Creek North and South Walnut Creeks and an unnamed tributary dram the northern portion 
of the RFP Protected Area These three forks of Walnut Creek J O ~  m the buffer zone and flow 
toward Great Western Reservor, whlch is appromately one mde east of the confluence This 
flow is currently routed around Greal Western Reservolr by the Broomfield Diversion Canal 
operated by the City of Broomfield Woman Creek drams the southern REP buffer zone and 
flows eastward to Standley Res-- OU6 is the Walnut Creek dramage and IS bounded on 
the north by the unnamed t r i b u t a r p  Walnut Creek a n d m  the south by the land south of the 

--%" 

x^n 
I- B-series ponds on South Walnut Creek 

"x 

132 Meteorology 

In general, wmds blow from northerly througkwesterlpdxections appromately 64 percent of 
the year Southerly wind dlrections occur w&,less frequency (appromately 20 percent of the 
year), whge easterly wmd dkections are mfrequent (only 11 percent of the year) Wmd patterns 
are heavdy mfluenced by synoptic scale m e t w r o l o g d  patterns, convective storms, and 
mountamJvdey ff ows 

- -"- 
-'a 

~ -- ___ 

The wind speeds are greatest from Ne northwesterly dlrection Wmd speeds m excess of 15 
meters per second (34 mdes per hour) are regularly observed Wmds are calm appromately 
5 percent of the year Figure 1-3 presents a wmd rose dlustratmg wmd patterns m the regon 
for the year 1990 This wmd rose IS generated from wmd speed and drection data recorded 
at an on-site meteorologxal tower at a monitormg height of 61 meters 

Atmospheric stabhty at the site is generally neutral (Class D) to shghtly stable (Class E) 
Periods of very stable (Class F) and unstable (Class A through C) stabhty occur less than 20 
percent of the year (DOE 1992b) Neutral to shghtly stable conditions generally allow for 
uniform dlspersion of contammants Very stable atmospheric conditions mhibit dispersion 
Unstable atmospheric conditions aid m dispersmg contammants 

(403&MMop7-821) (MIM3) (07 1693 3 19pm) 1-4 
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Precipitation at the Rocky Flats Plant averages 380 m h e t e r s  (15 mches) per year A majority 
of the precipitation is m the form of snowfall and occurs durmg the wmter and sprmg seasons 
Average annual total snowfall is 2160 mdhmeters (85 mches) The summers are generally dry 
with isolated thunderstorms contributmg up to 30 percent of the annual precipitation Autumn 
is the driest period of the year Annual potential free-water evaporation is approxmately 1144 
m d h e t e r s  (45 mches) which is signdicantly greater than the annual precipitation (DOE 1992b) 

1.23 Geology 

The near-surface geologc materials at REP consist of surficial unconsohdated deposits and 
shallow bedrock The surficial deposits at OU6 consist of pedment alluvium, colluvium, valley 
fdl alluvium, and artificial fdl that unconformably overlay bedrock (Figure 1-4) Surficial 
deposits at RFP are Quaternary (Pleistocene-Holocene) m age Near-surface, bedrock consists 
of the Arapahoe and Laramie Formations, whwh are Cretaceous u1 age The regonal dip of 
the bedrock m the vicmity of OWm appro-tely two degrees to the east 

% 

The Rocky Flats Alluvium is a p e b n t  gravel deposikd m a la teray coalescrng alluvial fan 
environment It was deposited across a gently slopmg erosional surface cut rnto the underlymg 
soft bedrock The deposit consists of poorly to well sorted, poorly stratdied clays, sdts, sands, 
gravels and cobbles Tfke CQ~&S of The Rocky Flats AUuvwm mclude hght to dusky brown, dark 
yellowish-orange, grayish orange, dark gray anUuskyx:ed The Rocky Flats Alluvium ranges 
in thickness from 0 to 25 f e a  beneath QU6 Subsequent dissection and headward erosion by 
North and South Walnut Creeks, as well as the u m m e d  northern tributary to Walnut Creek, 
have cut through the alluvium into the uderlpng bedrock Remnants of younger terrace 
deposits of the Verdos and Slocum Alluviums occur at lower elevations m some locations along 
the valley slopes of OU6 

Colluvial materials in OU6 were derived from slope wash and creep of the Rocky Flats 
Alluvium, and the Arapahoe and Laramie Formations The colluvium consists of clays, sands, 
and gravels, and ranges m thickness from a few feet to 20 feet Colluvium derived from the 
Rocky Flats Alluvium characteristically covers the alluvial/bedrock contact along the hdlsides 
Artdicial fdl and disturbed ground occur m the locaked areas of the Old Outfall Area (IHSS 
143), the Triangle Area (IHSS 165), the Sod Dump Area (IHSS 156 2), and Trenches A, B, and 
C (IHSS 166) Recent valley-fill alluvium occurs m the active stream channels of North and 
South Walnut Creeks, as well as the unnamed northern tributary to Walnut Creek T ~ I S  
material is derived from reworked older alluvial, colluvial and bedrock deposits 
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The Cretaceous-age Arapahoe Formation is the uppermost bedrock formation and 
unconformably underhes the unconsohdated material at OU6 The Arapahoe Formation is the 
product of a fluvial depositional envrronment and is composed of channel, pomt bar, and 
overbank fluvial deposits of sandstones, claystones, slltstones and occasional hgnitic coal seams 
and rronstones Formation thickness varies, but m m u m  thickness is appromately 270 feet 
beneath the plant (DOE 1992a) The Arapahoe Formation outcrops at certam locations along 
the North and South Walnut Creeks, as well as the unnamed northern tributary to Walnut 
Creek stream valleys 

The Laramie Formation is Cretaceous m age and gradatmnally underhes the Arapahoe 
Formation at OU6 The Laramie Forma$ion, which is appromately 700 feet thick (DOE 
1992a) m the vicmity of RFP, is divided mto two units The lower unit, which IS appromately 
250 feet thick, is composed of severdsandstone layers and many coal seams The upper unit, 
which is appromately 550 feet thick, is composed of deltaic daystones, sdtstgnes, some fluvial 
sandstones, and an occasional coal layer The sandstones m the lower wit are hght to medium 
gray, fme to coarse gamed, poorIy-sorted and subangtib The upper unit claystones and 
sdtstones are llght ohve gray to ah -b lack  m color with s6me carbonaceous material 

- 
13.4 Hydrogeology 

Groundwater encountered beneath OU6 o c c u m k R ~  Flats Alluvium, colluvium, valley 
fiU and sulxmppmg sandstme of the Arapahoe Formation In general, groundwater exlsts 
under unconfined conditions, however partially confmmg conditions may exlst m portions of the 
Arapahoe Formation sandstones that are bbunded laterally or vertically by claystone 
Groundwater flow in the Rocky Flats Alluvium is generally from the west to the east, and locally 
follows the erosional lows oa the top of the underlymg bedrock Groundwater flow m the 
sandstone is generally from the west to east on a large scale, by may be locally controlled by the 
geometry of the sandstone body Groundwater m the colluvium man thg  the valley slope south 
of South Walnut Creek in OU6 has locaked flow from seeps 

- mil 

-2 - %% - _  “s, 

m 

, 

Infiltration of precipitation is the prunary source for groundwater recharge Groundwater levels 
vary m response to seasonal changes Groundwater levels reach thelr highest levels durmg the 
spring and early summer, when precipitation is high and evapotransplration is low Durmg the 
remamder of the year, groundwater levels d e c h e  with periodic changes due to precipitation 
events Many alluvial wells go dry durmg these periods of low water levels Appromately one- 
half of the  alluvial wells completed durmg the Phase I field investigation (September 1992 
through March 1993) were dry followmg completion 
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Groundwater discharge from the Rocky Flats Alluvium occurs at seeps on the hdlsides, where 
the alluvium outcrop or subcrop appears along the valleys of North and South Walnut Creeks 
The seeps occur at the contact between the Rocky Flats Alluvium and underlymg bedrock Thls 
water then flows downslope along the ground surface or through colluvial deposits to the North 
and South Walnut Creeks, as well as the unnamed northern tributary of Walnut Creek 

1.25 Surface Water Hydrology 

The Rocky Flats Plant is located on a plateau which is bounded on the north by North Walnut 
Creek North and South Walnut Creeks are mtermittent itreams that receive surface runoff 
from the northern and eastern portion of the Plant fachty and adjoming buffer zone An 
unnamed tributary (located 1/2 mde north of the faclllty and north of North Walnut Creek) 
receives surface runoff from the northern buffer zone All three of these creeks merge mto 
Walnut Creek withm the buffer zone about 1 mde northeast orthe Protected Area (PA) (Figure 
1-2) Walnut Creek flows towardSceat Western Reservolr, located appmmately 1/3 mlle east 
of the eastern boundary (Indiana Sweet) of the Rocky Flats Plant The water from Walnut 
Creek is diverted around Great Western Reservolr by the Bf’omfield Diversion Ditch and is 
carried to Big Dry Creek 

The headwaters of North Ulkhdnut Creek o r i p a t e  withm the Upper Church Ditch, appromately 
1 1/2 mdes west d Highway 93, near Coal C&%. Saua Walnut Creek origmates near the 
center of the Rodcy FlW Plant security area an&bisects the eastern half of the security area 
South Wahut Creek converges with North Walnut Greek appromately one mlle east of the 
eastern boundary of the mam secwrity area ,The origmal headwaters of South Walnut Creek 
were badcflled during construction of the Plant’s fachties, therefore, flow begms near a buried 
culvert west of Buildmg 991 

The four A-series detention ponds (Ponds A-1 through A-4) have been budt m North Walnut 
Creek, northeast of the mam security area of the Plant fachty (Figure 1-2) Surface water m 
North Walnut Creek flows eastward m its origmal channel to just west of Pond A-1 The A-1 
Bypass diverts this runoff around Ponds A-1 and A-2 and channels it mto Pond A-3, where the 
water is temporardy detained Currently Ponds A-1 and A-2 receive no upstream runoff from 
North Walnut Creek These ponds are used prmardy for spdl control management and to 
detam runoff from the area mmediately adjacent to these ponds The water collected m Ponds 
A-1 and A-2 is not released downstream but is disposed of through spray and pond evaporation 
Pond A-3 receives surface water from North Walnut Creek and runoff form the northern 
production fachties via the A-1 Bypass Periodically, water m Pond A-3 is transferred mto 
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Pond A-4 The water m Pond A-4 is treated by a granular activated-carbon (GAC) system 
before bemg discharged mto North Walnut Creek Downstream of Pond A-4 and west of 
Indiana Street, water from Walnut Creek is temporardy detamed m a pond, IHSS 142 12, untd 
it reaches a high enough level to flow out and downstream mto Walnut Creek toward Great 
Western Reservolr The water m Walnut Creek is diverted around Great Western Reservolr 
by the Broomfield Diversion Ditch, which caries water to Big Dry Creek 

The B-series detention ponds (Ponds B-1 through B-5) have been budt m South Walnut Creek 
east of the mam security area of the Plant,fac&ty (Figure 1-2) Ponds B-1 and B-2 are 
prunardy used for spdl control management and to detain srrrface runoff from the upstream 
portion (eastern part) of the fachty The water collected m these ponds is not discharged 
downstream but disposed of through spray field evaporation sundar to Ponds A-1 and A-2 
Pond B-3 receives effluent from the Sewage Treatment Plant (STP) (Buddmg 995) and local 
surface runoff Water m Pond B-3 is conhuously dischargedm%hnd B-4 WAter m Pond B-4 
is contmuously released to P O R ~  33-5- ,Pond BSrcceives water from Pond B-4 and, occasionally, 
receives water from surface runoff from the Central Avenue-ch located south of the B-series 
Ponds This ditch receives surface mnoff that origmates near "x-heeastern production fachties 
The water m Pond B-5-rmot discharged to South Walnut Creek but is periodically pumped to 
Pond A-4, where the@&ter is treated t h r o e  a GAC system before bemg discharged 
downstream to W&ut Cr& 

'i - 
- - - "  - -- 
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QUATERNARY -' 
ROCKY FIATS ALLUVIUM 

0-45' 

ARAPAHOE FORMATION 60'(3) 

\ 
\ 

upper interval 
400' 

lower interval 
250' 

SILTSTONE dc 
CLAYSTONE 

COAL 

SILTY SANDSTONE 

kz ALLUVIUM 

LJ COARSER SANDSTONE 

L; FINE GRAINED SANDSTONE 

' -- FINE-GRAINED & 

CLAYEY SANDY GRAVELS- 
light brown t o  yellowish-orange, grayish- 
orange to dark gray, poorly sorted, angular 
t o  subrounded, cobbles, coarse gravels 
coarse sands and gravelly clays varying 
amounts of  caliche 

CLAYSTON E SILTSTONES, CLAYEY SAN DSTO N ES , 

light to medrum olive-gray with some dark 
alive-black claystone and silty cloystone 
Weathered intervals may be yellowed, and 
basal sand IS often conglomeratic 

SANDSTONE- 

CLAYSTONES, SILTSTONES, AND COAL- 
&kaolinitic, light to  medium gray claystone 
and m&)one and some dark 
c(frbon,acesrra claystone, thin &') coals 
and thin dexontinuous very fine-to-medium 
grarned moderately sorted sandstone 
mtawols 

ray t o  black 

SANDSTONES 
light to  medium gray, fine-to coarse- 
grained, poorly-to moderately-sorted silty, 
immature quartzitic sandstone with 
numerous lenticular, sub-bituminous coal 
beds and seams that range f rom 2 
thick in the upper lower interval to 8' 
thick at the base of the lower interval 

SANDSTONES- 
grayish-orange to  light gray calcareous, 
fine-grained, subrounded, glauconitic 
feldspathic, friable sandstone 

U S  DEPARTMENT OF ENERGY 
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2.0 
GENERAL CONCEPTUAL MODEL OF OPERABLE UNIT 6 

2.1 CONCEPTUAL SITE MODEL 

This section discusses the potential release and transport of chemicals from OU6 and describes 
pathways by which the receptor populations may be potentially exposed to chemicals of concern 
An exposure pathway describes a specrfic environmental pathway by which an mdividual can be 
exposed to chemical constituents present at or origmatmg from a site An exposure pathway 
mcludes five necessary elements 

0 A source of chemicals 
0 

b An envuonmentd transport medrum 
0 

A mechanism of chemical release 

An exposure pomt 
* 

0 A human mtake route 
- 

Each one of these five elements must be preseafor an exposure pathway to be complete An 
mcomplete patway rneamdat BO human exposoce a n  occur Only potentially complete 
pathways wdl be addressed m the Human H d t h  W h s e s s m e n t  for OU6 

-- __h 
_* 

* 
An exposure point is a speclfic location where human receptors can come m contact with site- 
related ohemicals The objective of this techncal memorandum is to identlfy fate and transport 
models that wdl be used to calculate exposure poht concentrations for the Human Health R s k  
Assessment Enwonmental media that may transport chemicals of concern from OU6 to 
potential human exposure pomts are presented m the conceptual site model for OU6 (Figure 
2-1) The media associated with exposure pathways that wdl reqwe fate and transport 
modelmg are discussed m the followmg subsections A more detaded summary of potentially 
exposed human receptor populations and exposure pathways for OU6 is presented m the 
Human Health Risk Assessment Exposure Scenarios technical memorandum (DOE 1993) 

Potentially exposed receptor populations selected for quantitative assessment m the Human 
Health Risk Assessment mclude the followmg 

b Current off-site resident 
b Current on-site worker (security) 

I (4oM36MO97-Iul) (kcIM3) (07 1643 3 19pm) 2-1 
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Future on-site worker (office) 
e Future on-site worker (construction) 
e Future on-site ecolopcal researcher 

e Hypothetical future on-site resident 
e Future off-site resident 

Exposure pomts were selected for each of the above receptors so that the reasonable m-um 
exposures wdl be quantitatively evaluated Evaluatioxof potential health risks for receptors at 
these pomts wdl bound the risks for receptors at qher exposure pomts not selected for 
quantitative evaluation The followmg exposure pomts wereselected for the receptors identified 
above These locations are also presented m Figure 2-2 

c- nt Use Sce narios 

e Off-site resideFftid%eceDtor Nearest downwmd resrdem to,.RFP (located near 
the southeast cornetm€ the "WFP properwhudary) -- 

z 

0 e 0 -site Security speciabt conductmg rounds withm the 

OUS area 
- 

M_x 

Future Use Sce narios m 

0 -. Office worker workmg m a buddmg mside the 
mstmg security mea or in f u k e  affice buddmgs m the buffer zone withm OU6 

e On-site construction worker Excavation worker preparmg foundations for new 
buddmgs withm OU6 both mside the security area and m the buffer zone 

0 Ecolopical researcher Outdoor on-site exposure, withm buffer zone area of 
OU6, bounded by the unnamed tributary to Walnut Creek and South Walnut 
Creek 

e Off-site residential receDtor Hypothetical off-site residence at the pomt at which 
Walnut Creek intersects the eastern Rocky Flats property boundary (Indiana 
Street) 

e On-site residential receptor Hypothetical on-site residence withm the OU6 area 

(403&362-CW7-821) (MTM3) (07 1693 3 19pm) 2-2 I 
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Exposure pathways to be quantitatively evaluated m the Human Health k s k  Assessment were 
identdied usmg a conceptual site model (CSM)(Figure 2-1) The CSM is a schematic 
representation of the chemical source areas, chemical release mechanisms, envuonmental 
transport media, potential human mtake routes, and potential human receptors The purpose 
of the CSM is to provide a framework for problem defmition, to identrfy exposure pathways that 
may result m human health rwks, to aid m identlfymg data gaps, and to aid m identqmg 
effective cleanup measures, d necessary, that are targeted at signdicant contammant sources and 
exposure pathways 

In the CSM, potentially complete and significant exposure pathways are designated by a black 
dot Potentially complete but relatively insigndicant exposure pathways are designated by an 
open clrcle Both signdicant and relatively mqmficant exposure pathways wdl be quantitatively 
addressed m the risk assessment Wanrtitatively addressmg significant and relatively 
msignlficant exposure pathways WLU result r s k  estmates k t  do not uaderestmate actual 
potential risks Neglqyble exposmpathways a d  incomplete exposure pathways are designated 
m the CSM by an N and a dash, respective”ly, and wdl n& -@dressed rn the risk assessment 
For more detaded description of the pathways, along with hlr assumptions, please see the 
Human Health &sk Assessment Expasure Scenarios t e c h i d  memorandum (DOE 1993) 

A summary of potentially mz.np,le@ exposure pathways that will be quantitatively evaluated m 
the Human Health fisk Assessment is p r e s W m T a M e  2-1 Those exposure pathways are 
consistent withCSM shown m Figure 2-1 Exposure pathways that wdl requlre fate and 
transpott modeliSrg are those that mclude poundwater, surface water, and au as transport 
medla to exposure pomts These include thb fokwmg exposure pathways 

_ I -  
- 

Current Off-we Resident 

0 Inhalation of alrborne particulates 
0 Sod ingestion (followmg deposition of alrborne particulates on residential sod) 

Dermal contact with sod (followmg deposition of alrborne particulates) 
Ingestion of garden produce (followmg surface deposition of particulates) 

0 

0 

Current On-site Worker 

Inhalation of auborne particulates 
0 Sod mgestion 

Dermal contact with sod 

(4OX&Q4W421) (MlM3) (07 1WX3 3 19pm) 2-3 
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b External vradiation 

Future On-site Office Worker 

I 

' 1  

I 
I 

Inhalation of volatde compounds released from subsurface sod or groundwater 
to mdoor alr 

b Inhalation of avborne particulates 
b Sod rngestion 
b Dermal contact with sod 
b External lrradiation 

Future On-Site Construction Worker 

b Inhalation of avborne particukes 
b Sod mgestion 
b Dermal contact dth -sod 
b External madiatian 

Future On-site Ecolwcal Researcher - 
-% 9 

_II_ 

w 

b Surface water rngestion ( s w a b e n t  and site-related chemicals 

-pa ten t i d y  transported to surfacbwa t er) 
Dermal contact with surface water (&solved-phase constituents of sedunent and 
site-related cherniwls potentially transported to surface water) 

6 

b Inhalation of airborne particulates 
Sod mgestion 

b Dermal contact w41 sod 
b External irradiation 

Future Off-Site Resident 

b Surface water ingestion (suspended sedunent and site-related chemicals 

potentially transported to surface water) 

site-related chemicals potentially transported to surface water) 

b Dermal contact with surface water (dissolved-phase constituents of sedunent and 

b Inhalation of alrborne particulates 
b Sod rngestion (followmg deposition of alrborne particulates on residential sod) 

(4036.3624097-821) (MTM3) (07 1693 3 19pm) 2-4 
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0 Dermal contact with sod (followmg deposition of airborne particulates) 
Ingestion of garden produce contammated by alrborne particulates 0 

Hvpothetical Future On-site Resident 

Surface water mgestion (suspended sedunent and site-related chemicals 
potentially transported to surface water] 
Dermal contact with surface water {dissolved-phase constituents of sedunent and 
site-related chemicals potentially transported to surface water) 
Inhalation of volatde compounds released -from subsurface sods and/or 
groundwater to mdoor alr 
Inhalation of airborne particulates 
Ingestion of sod 
Dermal contact with sod 
External irradiation 
Ingestion of garden prduce  cmtammatedbydeposition % mf alrborne particulates 
Ingestion of garden praduce grown m contambated ssrl 

A brief discussion of the environmental media assocrated with the above exposure pathways and 
the potential fate and transport-if chemicals m ‘these media is presented m the followmg 
subsections The models associated with these pathuays ape presented m Section 3 0 

22 GROU~DWATER 

Figure 2-3 Illustrates the general conceptual model for groundwater and surface water pathways 
at OU6 Grwndwater flows and Contammants migrate from potentially contammated sods 
withm an IHSS, mto the surroundrng Rocky Flats Alluvium and colluvium Contammated 
groundwater then migrates out of seeps along valley slopes as surface water or near-surface 
groundwater in the colluvium to the creeks South and North Walnut creeks, as well as the 
unnamed northern tributary to Walnut Creek, then transport possible contammants down- 
stream via surface water processes 

23 SURFACE WATJ3R 

The pathways of interest for surface water are related to mgestion of or dermal contact with 
surface water containmg suspended sediment and/or site-related chemicals potentially 
transported to surface water Stormwater runoff may transport contammated sods to surface 

(rCaa36MW7-821) (MIM3) (177 l&93 3 19pm) 2-5 
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2.4 AIR 

waters through erosion, with subsequent transport to downstream receptors Surface waters and 
suspended sediments may also be lmpacted from the discharge of contammated groundwater 
via seeps and sprmgs Figure 2-3 is a conceptual model for groundwater and surface water 
lllustratmg these pathways 

I 

The air emissions and dispersion models selected to assess a u  contammant concentrations at 
sensitive receptors wlll estmate exposure pomt concentrations for the exposure pathways 
associated with alr transport shown m Figure 2-1 Volatlle organic compounds (VOCs) may be 
transported through the vadose zone from underlymg sods and wdl be subsequently entrapped 
withm a hypothetical buddmg located on top of OU6 (volathzation mto mdoor ar and 
subsequent mhalation by a future on-site worker or on-site resident) Chemicals m surface sods 
may be transported via fugtive dust emissims from OU6 to on-site (mhaladan of particulates 
by the future on-site worker, ihu'h.l~e on-site resident and future e c d o g d  researcher) and off- 
site exposure pomts (mhalation of prtrticulates by the %current- and future off-site residents) 
Fugtive dust emissions from OU6 may also result m deposit& af chemicals m alrborne 
particulates on surface sods and plants Potential chemical xhtake and correspondrng risks 
associated with these media wlll also be evaluated 14 conceptual model for alrborne exposure 

h 

L 

pathways is shown on Fagwe2Y4 -." 
I . "  

"i 
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3.0 
MODEL DESCRIPTION 

1 
I f f  

I "  

This section specifies the models to be used m charactermng and predictmg exposure pomt 
concentrations at specrfic receptor locations for the OU6 risk assessment The consderations 
for model selection, and the basis for selectmg the chosen models are also discussed 

The term "model" refers to computer codes or a set of equations that can be used to 
mathematically represent site condltions and smulate media Behavior (e g , groundwater flow) 
and contammant fate and transport m the model domam The models wdl mcorporate site- 
speclfic data to allow smulation of site-specac conditions and behavior The combmation of 
a computer code and the necessary wteespeclfic data wdl be referred to as a "site-specdic 
model" 

3.1 GENERAL CONSIDERATIQNS-FOR MODEL SE-JON 
"*n* 

J 

Accordmg to Bond and-Hwang (1988) and van der Heijde and Park (1986), the followmg issues 
should be considered when selectmg groundwater models for srrnulatmg conditions at a site (1) 
the objectives of the projqS,42) the physical and c h m l  conditions of the site, and (3) the 
requrrements for hplernentmg the mod& &e she discussions presented by Bond and 
Hwang, and vsl'fl der Heysle and Park were dhected at groundwater models, it is reasonable to 
apply the same considerations to surface water and ar models 

-- - *- 

The 0- modehg objective (issue no 1) is to slmulate the transport of contammants of 
concern to potentxd human receptor locations for risk assessment purposes The physical and 
chemical conditions of the site (iue no 2) have been and are contmumg to be characterwed 
as part of the ongomg Phase I RF1/€U process Models selected should be capable of 
rncorporatmg key on-site transport processes Requirements for lmplementmg the models (issue 
no 3) include the followmg (a) the avalabhty of the model, (b) the degree and nature of 
documentation, (c) the extent of peer review of the model, and (d) the nature of model 
verlfication and testing (model verrfication is the process of verlfymg that the model results are 
numerically correct and mvolves an independent check of the calculations performed by the 
model) 

(MM36Mo97-821) (MIM3) (07 1&93 3 19pm) 3- 1 
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Based on the issues described above, a set of criteria were developed for selectmg the models 
to be used at OU6 The general criteria are as follows 

1 The selected models should be able to mcorporate key processes known to occur 
at the site 
The selected models should be able to satisfy the objectives of the 
study 
The selected models should be verlfied usmg pubhshed equations and solutions 
The selected models should be complete and well documented and preferably 
avadable m the pubhc domam 
The selected models should be practical and cost-effective m terms of actual 
apphcation as well as resobtion of uncertamty 

2 

3 

4 

5 

These five criteria were used as the basis for selectmg the groundwater, surface water, and alr 
models to be used for OU6 The followmg sections discuss the selectedmodels relative to thelr 

i 

abhty to satisfy the identdied seledtioa criteru;r. 'l-r 

- 
AU mathematical models have b i ta t ions  and uncertamties associated with assumptions 
mherent m the models "*r)us is true for the models selected €or use for OU6 However, it is 
beheved that the selected mQdels pmsented herem are" the most appropriate models avadable 
for use for OU6 and that the associated &itatmnp a d -  uEmtamties are acceptable 

3.2 GROUNDWATER CONTAMINANT FATE LOID TRANSPORT MODEL 
rri 

3.2 1 Introduction 

Groundwater contammant fate andkansport modehg wdl be performed to smulate the 
movement of dissolved contammants m groundwater m the saturated zone beneath OU6, and 
to estmate future dissolved contammant concentrations m groundwater at identlfied discharge 
pomts This wdl allow the evaluation of contammant transport to potential human receptors 
m the OU6 Human Health f i sk  Assessment 

Contammant fate and transport m groundwater at OU6 wdl be slmulated usmg an analytical 
transport model code For this project ONED3 (Beljm 1989) wdl be used ONED3 is mcluded 
m the SOLUTE package of models dlstributed by the International Ground Water Modehg 
Center (IGWMC) ONED3 is an analytical transport code and is capable of slmulatmg one 
dmensional fate and transport of dissolved phase contammants m a porous medium 
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Avadable site-specdic and hterature data on fate and transport parameters (e g , chemical and 
radioactive decay, and retardation), source areas, and hydrogeologc conditions wdl be 
mtegrated usmg ONED3 to smulate the fate and transport of dissolved-phase contammants m 
the saturated zone from source areas through the alluvium and colluvium, to discharge pomts 
along Walnut Creek Because several dlscreet potential contammant migration pathways are 
suspected to exlst m OU6, several separate ONED3 models may be uthzed to smulate 
groundwater contammant fate and transport The results of the site-specdic ONED3 models 
wdl then be used as mputs to the surface water model- 

Contammant fate and transport wdl also be evaluated usmg water balance and chemical mass 
balance analyses as a check for the reasonableness of the ONED3 model results Such analyses 
allow mdependent evaluation of ONED3 results by estunatmg seepage discharge rates based on 
the water balance for OU6, and contmmant loadmg rates based on chemical mass balance 
corkidera tions 

% 

3.2.2 Model Selection Criteria Evaluation 

The ONED3 model cobwas selected because it satisfies selection criteria presented m 
Section 3 1 Water balance and chemical mass balance analysa wdl allow an mdependent check 
of the reasonableness of the QNED3.results A discurnoh of h& ONED3 meets each of these 
criteria follows m the order m which the dlectian crAleLia are presented m Section 3 1 

-?. 

+ \  

- xL -~ ~- I 
Selection Criterion 1 - The selected mod& +oul&& able to mcorporate key processes known 

to occur ig the site * ”-, 

The ONED3 model code is capbie of mcorporatmg key contammant fate and transport 
processes known to occur 111 the Wvwn and colluvium at the OU6 site Those key processes 
d u d e  advection, dispersion, retardatmn, and decay The ONED3 model code is capable of 
smulatmg the fate and transport of dissolved-phase contammants m the saturated zone with 
undorm flow m one dlrection The source area and boundary conditions used m ONED3 are 
relatively smple This is considered adequate for OU6 because 

3-3 
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I 0 The topographic variation and wide separation of source areas across OU6 

results m several separate potential contammant migration pathways from source 
areas to discharge pomts Commmghg of contammant plumes from dlfferent 
source areas along complex flow paths is not beheved to be prevalent 
Therefore, separate sunphfied models are appropriate 

0 Flow and contammant migration at OU6 is from source areas to discharge 
pomts along Walnut Creek For the purposes of the OU6 risk assessment, a 
detaded evaluation of migration pathways 1s not necessary (nor is it possible 
based on the h i t e d  avadable-Phase I data) because slmulation of a one- 
dlrectional pathway across the shortest dlstance between the source areas and 
Walnut Creek wdl provide conservative estlmates of contammant concentrations 
and associated risk Therefare, one-dunensional flow modehg JS appropriate 

- _  

The water balance and chemical mass balance analyses wdl mcorporate &e key process of areal 
recharge and the prmciples of con3ewnation offlow and trrti-ss, 

Selection Criterion 2 
study 

- The selected models should be able to satisfy the objectives of the 

* 
% - -- 

ONED3 is capable af satssfymg the objective hsted-& Section 1 1 ONED3 wdl be used to 
sunulate the m e m e n t  of dissolved chewcal mntammants m groundwater through the alluvium 
and colluvium and to estunate future cogcentratfans of chemcal contammants where 
groundwater discharges to Walnut Creek Ths wdl then serve as mput to the surface water 
model used to estlmate concentrations of chemicals of concern at exposure pomts for potential 
human receptors m support of the OU6 Human Health Rtsk Assessment 

2 

Selection Criteria 3 and 4 - The selected models should be verdied usmg pubhshed equations 
and solutions The selected models should be complete and well documented and preferably 
avadable m the pubhc domam 

ONED3 is widely used analytical contammant fate and transport model codes Verification of 
the model codes can be performed by runnmg the codes usmg mput parameters and boundary 
conditions for which a known solution is avadable ONED3, as part of the SOLUTE package 
of models distributed by IGWMC, is readdy avadable with documentation Water balance and 
chemical mass balance analyses are common computational methods used m hydrologc and 
contammant studies 

(4W36&0097 821) (MTM3) (Cn 26-93 2-35pm) 3-4 



Selection Criterion 5 - The selected models should be practical and cost-effective m terms of 
actual apphcation as well as resolution of uncertamty 

ONED3 is a slmple model to set up and use and can be practically and cost-effectively apphed 
to the OU6 site The output from the ONED3 slmulations can readdy be used to address 
resolution of uncertamty Water balance and chemical mass balance analyses can also be 
practically and cost-effectively apphed to OU6 

3 3  SURFACE WATER MODEL 

3 3  1 Introduction 

The surface water model wdl contribute .to 14e overall risk assessment effort by means of several 
eq-osure pathways, as shown m Figure 2-1 R e  watershed/waf&\quahty model HSPF9 has 
been selected for the s u r f a c e w e r  model W P F 9  outputs wd%e lofig term average 
contammant concentrations as a funetaan of distance alang-Walyut Creek Both dissolved and 
particulate (1 e ,  contammants assmated with suspended so%&) ,KFwbe modeled Standard 
deviations of these meanqcentrations wdJ also be estmated m an uncertainty analysis Model 
mputs wdl be tune series of precipitatson and gmundwater seep flows/loads Boundary and 
mitial conditions wdl also d r G  the made1 The tune qep JS anticipated to be dady, or possibly 
smaller as appropriate to describe ramfall/runQRagd e r z m a l  processes 

\ 

--- x -n? 

HSPF9 (Hydrolo& Sunulation Program b- Fwtran, Version 9) is a comprehensive package for 
sunulafiorl of watershed hydrology and water 4uallty for both conventional and toxlc organic 
pollutants HSPF9 s the only mmprehensme model of watershed hydrology and water quahty 
that allows the mtegrated smulaQon of land and sod contammant runoff processes with m- 
stream hydrauhc and sedlment-chm*k.l mteractions (Ambrose and Barnwell, 1989) 

Major processes affectmg surface water/sedlment pollutant concentrations m OU6 are 

0 Precipitation/runoff 
0 

0 Stream and pond hydrauhcs 
0 Pollutant-specdic fate mechanisms 

Sod erosion and associated pollutant movement 

(4maMz-0097 821) (MIW) (07 2693 Z3Spm) 3-5 
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The following sections ovemiew how these major processes are treated by HSPF9 

Precimtation! Runoff 

Hydrologic simulation is performed usmg the moisture accounting technique first employed m 
the Stanford Watershed Model (Figure 3-1) That is, the movement of water into, between, and 
out of a set of conceptual storages is computed usmg a fied tune step Rain and snowmelt are 
subject to interception If that storage is full, mfiltratwn occurs Infdtrated moisture passes to 
the lower zone or to groundwater storage @cess mwsture either remains on the surface or 
enters flow paths leadmg to the upper zone or to mterflow. The model regards overland flow 
as equivalent to that along a plane surface of length, slope, and roughness speclfied by the user 
Evapotransplration can occur from any of the storages 

Sod Erosion 

Sod Erosion is sunulated as dustrata in Figure 3-2 E>sm can occur either due to particle 
detachment from rainfall impact and subsequent washoff tx @ &&It of r d  and gully scour 

% 

Hvdraulics 

-- a *  

HSPF9 uses a sunple technique for flow routmg-Theca&ment stream network IS divided into 
reaches anddmlation&vork from upstwam to dQwnstream reaches The stream network can 
be of any complexity, even includmg slows that are spht and later recombined farther 
downstream Impoundments (ponds, lakes, tesewoirs) are also included although it should be 
noted that HSPFP assumes such impoundments to be completely mlxed, stratification is not 
modeled 

, 

Pollutant Fate Mechanisms 

Several important fate mechanisms WJN affect the chemicals of concern including partitionmg 
as dissolved/particulate phases, interactions between chemicals m the water column and the 
sedment bed, and any of a number of chemical-spec&, physical/chemical/biological processes 
(e g , volatdlzation, biodegradation) HSPF9 can simulate these mechanisms for any generahzed 
quahty constituent as dustrated in Figure 3-3 
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33.2 Model Selection Criteria Evaluation 

The HSPF9 model described above was selected because it is beheved to best satisfy the five 
selection criteria A discussion of how this model meets each of these criteria follows 

Selection Criterion 1 -- The selected models should be able to mcorporate key processes and 
accurately represent conditions known to occur at the site 

Key processes associated with surface water aspects fT -0U6 mclude, as described before, 
precipitation/runoff, sod erosion and associated polluiant movement, stream and pond 
hydrauhcs, and pollutant-specfic fate mechanisms HSPF9 has extensive capabhties to 
mcorporate these processes, mdeed, HSPF9 is the only watershed hydrology/m-stream water 
quahty model known that mtegrates these processes m a smgle computer code 

Selection Criterion 2 -- The selectdmodels s h d d  be able to satisfy thwabjectives of the study 

The HSPF9 model meets the madehng objective discussed m PecQon 1 1 To support the risk 
assessment objective, h e  model can smulate the transport of chemicals of concern from sources 
(stormwater runofY, groundwater discharge) to &ownstream exposure pomts The models 
provide the flembrllty nee&d,to-estlmate -* risks pmed by irfdividual sources, i e ,  the risks 
associated with either swrmwater runoff onlywiqpmdwter discharge only 

Selection Criteria 3 and 4 -- The selected mdels should be verlfied usmg pubhshed equations 
and qlaoons The selected madels should 'be m p l e t e  and well-documented and preferably 
avadable sn &e pubhc domaln 

- 

-_* 

\ 

* %  %%\ %\ 

w 

HSPF9 has been vahdated with 'tr0$1 &eld data and model experlments and has been reviewed 
by independent experts (Ambrose and Barnwell, 1989) It is m the pubhc domam and is 
distributed and mamtained by the US EPA Center for Exposure Assessment Modehg m 
Athens, GA The origmal development of HSPF9 began m 1976 and was based on the earher 
models Stanford Watershed Model, Agricultural Runoff Model, and the HSP Quahty Model 

Selection Criterion 5 -- The selected models should be practical and cost-effective m terms of 
actual application as well as resolution of uncertamty 

Although HSPF9 is a comprehensive, mechanistically based model, its modular construct allows 
it to be tadored to site-specrfic conditions and objectives It can be configured to be as detalled 



or as general as the modehg apphcation dictates by activating more or less modular detad 
This flexlbdity ensures its "cost-effectiveness" 

HSPF9 is purely a determmistic model, no stochastic or uncertamty analysis capabhties exlst 
Uncertamty analysis wdl be performed outside of the HSPF9 enwonment by analysis of model 
prediction errors 

3 4 SOIL GAS TRANSPORT MODEL 

3.4.1 Introduction 

Sod gas transport modehng wdl be performed d volatde organic compounds are identlfied m 
OU6 The modehg wdl be performed todimulate the diffusion of volatde o r w i c  compounds 
from underlying sod gas as a result of vo la tbhon from sod and groundwater mntammants to 
the OU6 surface just beneath a hypothetical on-site buddmg Thedd'fwon of volatde organic 
compounds contamed m sod gas from the underlying -" sod and frgm the underlymg groundwater 
sod mterface is estimated by two different equations An air transport and dispersion model, 
discussed m Section 3-5, wLU then be used to estunate axborne VOC concentrations withm the 
buddmg This activity wdi support and providekmpt to a Human Health &sk Assessment 

3 4.1.1 Volatilization From Underlvinn Soil 

Estunates of volatdaation from underlyhg contammated sod closest to the OU6 surface wdl be 
provded by uthzatian of the Shm Model, mdjfied by Farmo (Farmo et al 1983), from 
Volume II of the Au/Superfund National Technical Guidance Series pubhshed by the EPA 
(EPA 1990) This model is also referred to as the SEAM model, smce it is also documented 
m the Superfund Exposure Assessment Manual (SEAM) (EPA 1988a) This equation is 
designed for estunating volathzation from underlymg sod contammation and the subsequent 
dlffusion of organic vapors to the OU6 surface This equation has been apphed m numerous 
site mvestigations and has been validated enough to warrant mclusion m pubhshed EPA 
documents 

- -\ 
Y 

x 

- -- 
1 

The equation used to estunate the steady-state VOC emission rate is as follows 
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where E, = 

A =  
D, = 

L =  
P, = 

c, = 

w, = 

emission rate of the contammant, i (g/sec), 
surface area (cm2), 
vapor drffusion coefficient m alr (cm2/sec), 
surface cap thickness (cm), 
total porosity of the sod cap (cm3/cm3), 
saturated vapor concentration of contammant, 1, m the vapor 
space beneath the sudace sod cap (g/cm3), and 
weight fraction of contammant, 1, m the waste (g/g) 

C,, the saturated vapor concentration, is ddmed by the equation 

PMW, c1 = - 
RT 

where P = vapor pressure of the contamhaat (mm Hg) 
MW, = molecular weight &he contammant (gm/gm-mole) 
R 
T = ambient t e m p e r a t g ~ w - ~ ~ _  

= - m-ular gas constant (62,361 mm Hg-cm3/gm-mole-"K) - -- ~ 

3.4.1.2 VOW ilization FromlJnderlviny Gm, ndwate t 

Contribktions to surface volatkation emissions from the underlymg groundwater wdl be 
estunated by the wmg the followlag equation, adapted from Thibodeaw and Hwang (1982), as 
presented in SEAM 

I' ~ 

*I 

E,,, = 2DCA/(d + ((2DCst/C,,) + d2)05) (3) 

where E,(,, = average emission rate of contammant i over tune t (g/sec) 
D = phase transfer coefficient (cm2/sec) 
C, = the hquid-phase concentration of contammant i m the sod (g/cm3) 
C,, = bulk contammant i concentration m the sod (g/cm3) 
A = contammated surface area (cm2) 
d = depth of the dry zone at samplmg tune (cm) 
t = tune measured from samplmg tune (sec) 
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This equation assumes that the sod pore spaces connect with the sod surface, the sod conditions 
are isothermal and that there is no capdlary rise of contammant In addition, sufficient hquid 
contaminant m the pore spaces is assumed to exist so that volathzation WIN not deplete the 
reservolr of contammant to the pomt where the rate of volathzation is affected Use of thls 
equation smulates vapor dlffusion as bemg sod-phase controlled and assumes that contammant 
concentrations m the sod remam constant untd all contammant is volathzed to the ambient alr 
at the surface Contammant release IS assumed to oecur by the "peehg away" of successive 
unmolecular layers of contaminant from the surface of the "wet" contammated zone Thus, over 
tune, a "dry zone" of mcreasmg depth at theso9 sur€&e and a wet zone of decreasmg depth 
below the dry zone develops Concentrations of the coatmmant m the sod mmediately 
surroundrng the groundwater areas and wthm the groundwater are used m this estunation 
method 

The term, D, m the above equation is re&ed,to the amount ckcontammant i that transfers 
from the hquid to gas phases an&&en from the gas phase to d d b i o n  rn xhe surface alr and 
is estmated by - * 

u 

- D = D ,(P:'3) H, (4) 

c 

where D, =- v i ~ o i "  dlffusion coefficient m am (cm'/sec) 
Pt = total sod p o r o s l ~ n l e s s )  
H, = Henry's Law constant m concentration form (dunensionless) 

Fmally, the term, HI, is estimated by the bdQw'quation 

H, = HI / RT 

where HI = Henry's Law constant of the contammant i (atm-m3/g-mole) 
R = gas constant (8 2 x 10 atm-m3/g-mole-"K) 
T = atmospheric temperature ("K) 

The Thibodeaux and Hwang equation assumes that the contammant concentration m the hquid 
and gas phases m the sod remains constant untd all of the contammant has been volathzed mto 
the surface ambient a x  The emission rate, Ei(t), is non-zero untd the tme,  t, IS equal to a value, 
td, when the sod becomes dry and all contaminant has been volathzed After time td, the 
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volathzation emission rate is assumed to be zero The estunation of td, m seconds, is obtamed 
from the below equation 

where h = depth from the surface to the bottom of the alluvial aqulfer (cm) 
d = depth of dry zone at samphg tune (cm) 
D = phase transfer coefficient (cm2/sec) 
C, = bulk contammant i concentrahon m sod (g/cm3) 
C, = the hquid-phase concentratioh qf mntammant i m the sod (g/cm3) 

Total surface volathzation emissions are then estunated by a d b g  the contributions calculated 
from Equations (1) and (3) To estunate the diffusion of w h e  volatihtion emmions 
through the floor of an on-site buddug, Darcy’Haw, modlfied for gas fiw across a permeable 
structure wall, wdl be used to e&mate-$?volumetric fbw -rate mdueed by surface volatde 
emissions and ambient alr entemg rnto the buddmg confmes 3$isvolumetric flow rate is 
estimated by 

QVOI - w v  (dP/dZ) I _-_ (7) 
- 

where Qvo, - - volumetric flow Kate of mduced by sod gas and ambient a x  
k = mtrmsic pwnteabllity of sod 
V = vscosity of thegas 
dP = pressure differential across floor of structure 
dZ = thickness of floor 

The concentration of the contaminant withm the on-site buddmg is then estunated by 

where C,, = resultant Contaminant concentration withm the budding 

E, = 
avo, = volumetric flow rate mduced by the sod gas 
Q b  = volumetric exchange rate within the buddmg 

emission rate of the contammant below the buddmg floor 
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3 4.2 Model Selection Criteria Evaluation 

A considerable amount of research and field samplmg has been performed to develop models 
that predict volathzation as a result of sod gas transport The SEAM models were selected 
because they are beheved to best satisfy the selection criteria defined m Section 3 1 

Selection Criterion 1 -- The selected models should be able to mcorporate key processes and 
accurately represent conditions known to occur at the site 

The SEAM models are capable of representmg key contamman1 processes m estunatmg sod gas 
transport The key processes m the SEAM models mclude treatment of sod gas drffusion to the 
surface as a result of underlying sod contammation and also the dlffusion from areas of sod and 
groundwater contammation The models allow calculation of volathzahon of specdic 
components of a complete waste mlxture by,assuming that Raeultk Law IS apphcable A layer 
of relatively clean and dry sod is assumed to e& between the sod surface and the prunary area 
of underlymg sod contammation for the fust SEAM ecpation @vation { 1)) The depth of this 
relatively clean layer wdl be assessed by exammmg site-spec& d a k  Equation (1) assumes that 
surface VOC emissions are steady-state and do not deeay with tune This assumption is 
consistent with site observations that there are undeslymg areas of sod contammation llkely to 
produce surface VOC emmsmns at a steady ratefor I m I- extended period of tune Surface VOC 
emission contributions from groundwater (Eqwtmn@))dibit some dependency with tune but 
wdl probably novchangeLtota1 surface VOC emiswons from a nearly steady state condition 

ExamaQon of on-site data suggests that vdatihzation as a result of sod gas transport wdl 
prunardy wigmate from underlymg sod contamination areas closest to the OU6 surface and 
from the underlymg groundwater 

Selection Criterion 2 -- The selected models should be able to satlsfy the objectives of the 
study 

The SEAM models estunate surface volathzation from underlymg sod gas with consideration 
of physical and chemical mechanisms The resultmg emission estimates can then be apphed to 
the estunation of exposure pomt concentrations 

Since air contammant concentrations are dlrectly proportional to emissions estunates, the 
effectiveness of potential remediation strateges on sources of volathzation that become part 
of the air exposure pathways can be readdy evaluated In addition, the effectiveness of potential 
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remediation strateBes can be related to underlymg sod and groundwater concentrations smce 
these sod gas transport models estunate VOC emissions in nearly dlrect proportion to 
underlymg sod (waste) and groundwater concentrations 

Selection Criteria 3 and 4 -- The selected models should be verlfied usmg pubhshed equations 
and solutions The selected models should be complete and well documented and preferably 
avadable m the pubhc domam 

The SEAM models for sod gas transport are widely usd\arrd well-documented m EPA hterature 
for use m basehne, remedial and post-remedial scenarios .€$quation (1) has refined the widely 
accepted Farmer model which was one d the f i s t  models developed and used to predict VOC 
emissions from covered landfills Equation (3) has been widely used for estunation of surface 
volatdlzation emissions from old spillsand leaks that have migrated below the sod surface The 
sod gas transport models appearing m the aH pathway analysisveries have been subject to 
extensive validation 

Selection Criterion 5 -- The selected models should be practital and cost-effective m terms of 
actual application as wd i  as resolution of uncertamty 

yns. 
--a* 

% 

% 

These sod gas transport me&&-roughluocument "-"%--- __ the groper use of mput parameters and 
demonstrates thew use through simulated so&ga&anspm$ scenarios Thus, these models can 
be easdy p k e b t o  a spreadsheet format to handle multiple volatde organic compounds Smce 
these moc#els are public domain, there axe'no p r b r e m e n t  or hcensmg costs for thelr use 

3.5 AIR TRANSPORT AND DISPERSION MODELS 

e UIha 

I ,3 

%, 

3.5.1 Introduction 

Alr dispersion models slmulate the transport of the ambient air v o l a t h t i o n  rates estlmated 
from the sod gas transport model and particulate matter to specdic exposure pomts for the alr 
exposure pathways designated in Section 2 0  Two drfferent alr dispersion models will be 
uthzed according to the following scenarios 

e The transport of volatde organic compounds mto a buddmg located on the 
surface of OU6 wdl be estlmated through the use of a box  model 
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e The transport of particulate matter to on-site receptors both as ax contammant 
concentrations and alr deposition values wdl be exammed through the use of a 
box model 

e The transport of particulate matter to off-site receptors (1 e ,  future and current 
off-site resident) both as alr contammant concentrations and alr deposition 
values wdl be evaluated through the use of FDM 

The alr contammant concentration and deposition values provided by the alr transport models 
wdl support and provide mput to the Human Health h s k  Assesment Arr dispersion modehg 
wdl be performed m accordance with procedures described m Volume IV, Procedures for 
Dispersion Modehg and & Monitormg for Superfund & Pathway Analysis, &/Superfund 
National Technical Guidance Study Sefies {EPA-450/1-89-004) and the Gu idehe  on Atr 
Quahty Models (EPA-450/2-78-027R) The m d e l  for on-site receptors wdI be a conventional 
box model that is used wide@ for mmediate - exposure scenarios, The models for off-site 
receptors wdl be based on Gaussiandtspersion and are models Wproved by EPA Both models 
WIU provide ambient alr contammant concentration and dzp%si~n values at the previously 
defined exposure pomes" 

"*m 

0 
-* 

3.5.2 Model Selection Cr&erm Evaluation --_  ̂

The models elexted to be most appropate  h r  OU6 are a conventional box model for on-site 
unpacts and the Fugitive Dust Model (FDM) b r  estunation of alrborne particulate 
concentrations and deposition at off-site recqtordocations These models are beheved to best 
satisfy the sdection criteria presented m Section 3 1 The box model wdl be used to model 
transport of valatdes to a f u m e  a - s i t e  worker or future resident m a buddmg, and wdl also be 
used to model ambient particulate impacts to a future mdustrial worker, a future on-site 
resident, and a future ecologcal worker also located on-site The FDM wdl be used to model 
transport of alrborne particulate, both as alr contammant concentrations and as deposition 
values, at the current and future resident exposure pomts A discussion of how each alr 
transport model meets each of these criteria is presented below 

+- - 

Selection Criteria 1 - The selected models should be able to mcorporate key processes and 
accurately represent conditions known to occur at the site 

The box model and the FDM alr models are capable of representmg key contammant processes 
~fl estimatmg alr transport and dispersion of air emissions origmatmg from OU6 The box 
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model uses conservation of mass principles to estimate resultant alr concentrations for an mput 
emission rate dispersed withm a fixed volume with an au exchange rate proportional to the alr 
flow (wmd speed) traversmg the volume The box model used for estunatmg on-site unpacts 
considers the dllution of alr emissions withm a gwen volume, defined by the horuontal 
dunensions of a contammated area or of an enclosed structure (1 e ,  bulldmg) and the height 
determmed either by surface turbulence or the confmed height of a structure The air exchange 
rate 1s dependent upon the u t b e d  wmd speed or volumetric alr exchange rate, If withm the 
confines of a bulldmg The FDM uses Gaussian plume transport and dispersion algorithms with 
a gradient-transfer deposition and settlmg algorithm b simulate au contammant concentration 
and values from non-pomt sources at distances correspondqggto off-site receptors The FDM 
was speclfically developed for fuptive particulate matter modehg apphcations (especially wmd 
erosion) The FDM has the capabhty of assesing up to 100 area sources, 200 receptor pomts, 
and 20 particle s1ze classes FDM is unique m that it can assess rectangularly shaped area 
sources, not just square or clrcular This capabhty allows FD&f to model area sources usmg 
a geometry that more closely appromates theiractual shape FDM can M d u e  constant as well 
as variable emission rates FDM can also-r;alculate gromdJeve1 concentrations either with 
setthng and deposition functions (as with particulate matter), o?+Wthout (as with gaseous 
contaminants) The FDM has the capabhty to model for short (1-, 3-, 8-, and 24-hour) and 
long (annual) term avdragmg periods, and uses rnetbrologcal data m either hourly or Stabhty 
Array (STAR) formats 

By usmg the M-42 (EPA 1988~) emissican models (EPA 1988c) for fuptive particulate emission 
estunation, the\hNl model is not requued to ap& correction factors to account for varymg 
types of land surfaces However, the m)M kdl allow for the drect computation of the 
contamwntemissian rate as a function of the wkd speed or allow the user to mput a constant 
emission rate In this way, the model can assess short-term and long-term impacts 

-.u. 

- f -," 
*x* - ~ 

Receptor locations are evaluated by their relative distance (x,y) from the source and thelr 
elevation (z) (EPA 1988b) 

Selection Criteria 2 - The selected models should be able to satisfy the objectives of the study 

Output from these models either as alr contaminant concentrations or as deposition values at 
the designated exposure pomts wdl provide mput for the assessment of human health risks The 
abdity of these models to sunulate the transport and dispersion of particulate supports the 
objective of the modehg effort 
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The multiple compounds potentially identlfied as contammants of concern wdl be easdy handled 
by the selected air dispersion models through a multiphcative factor (the ratio of a specdic 
compound source term to a unit emission rate) that is multiphed by the estmated ambient 
mpacts from a unit emission rate (I e ,  because of the linear relationship of an concentration 
to input emission rate) In addition, each of these models can be used to evaluate the 
effectiveness of potential remediation strateges by slmply varying the source term as a function 
of the remediation strategy bemg exammed 

Selection Criteria 3 and 4 - The selected mod& should be verdied usmg pubhshed equations 
and solutions The selected models should be complete and well documented and preferably 
avadable m the pubhc domarn 

Both models are recommended by EPA as the most represegtative methods for determmmg 
respective transport and dispersion characteristw for VOCs andmwganic metals, semi-volatdes 
and radionuchdes rn particulateYmxn These madels have been used extensively on both non- 
remedial and remedial studies (the FDM model has undergone consrderable vahdation and 
verdicat ion) * 

% 

Selection Criterion 5 - The selected models shwld be practical and cost-effective m terms of 
actual apphcation as well aesolution of uncertamty. 

Both modelsmereadrty avadable smce they ,are pubhc domam models and do not requne 
special,pwurement or hcensmg costs Their use b well-documented and both models are 
designed to execute on PC-compatible compgtea Support for use of these models is also 
readdy avadable Then relativeease of use and wide acceptance of the modehg results makes 
them preferaie mer other avabble models 

-%% 

- --- 
- -  

k 

3.6 SUMMARY OF PARAMETER VALUES 

This section presents a summary of the data currently avadable to estlmate model parameter 
values for groundwater, surface-water, and an modehg Where avadable, site-specdic data 
collected durmg the Phase I RFI/FU investigations or earher studies wdl be used If site-spec& 
data are not avadable, pubhshed hterature values wdl be used rn the modehg activities 

Tables 3-1, 3-2, 3-3, and 3-4 present a summary of data currently avadable to estlmate model 
parameters The avadable data were compded based on a review of previous mvestigations and 
the data currently avadable from the Phase I RFI/RI mvestigation, or general hterature In the 
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case of chemical parameter values, development of the hst of contammants of concern (COCs) 
has not been completed at this tune Therefore, it is not possible to summarlze chemical 
parameter data for each of the COCs at this tune Chemical parameter data wdl be compded 
followmg EPA approval of the COC technical memorandum to be submitted later 

The data presented m Tables 3-1, 3-2,3-3, and 3-4 are preluninary and, m some cases, 
are not site specdic The data values or ranges of values are not mtended to be fned 
or fmal The ranges are presented to convey what is currently known of the potential 
variabhty m parameter values that may be usedm the models 

The meteorological data to be used wdl be me year hourly meteorological data set from 
1991 or 1992 from the ten meter levd of the West Buffer Zone 61 meter tower The 
Rocky Flats Plant meteorologcal monitorhgprogram mcludewne 61 meter (rn ) tower 
mstrumented with Prevention of Signdimit Deterioration (PSQ) quahty ewpment  at 
three levels (10 m , 25 m , and IF0 m) located on the west side of the plapt property, 
outside of the plant security fence -"Theb1O m data wdI h e r g e d  wsth concurrent 
m m g  height data from Stapleton international m o r t  %s Stab16t.y class wdl be 
determmed from sigma theta and wind speed measurements obtamed form the West 
Buffer Zone meteordopcal database Maximum wmd speed data from this site may 
also be used to estmate w d a q s i o n  emissions 
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TABLE 3-1 

PARAMETER VALUES FOR GROUNDWATER MODELING 

~~ ~~ 

Parameter Umts Range of Source 
Values 

_______ ~ _ _ _ _  

Properties of Colluvlum/Alluvlum 

Hydraulic 
Conductivlty 

cm/sec 

Effective Porosity % 

Bulk Density lbs/ft3 

Retardation Factor Dimensionless 

Biodegradation Half- Days 
Life -* - -  

~ 

lo5 - l o 3  Freeze and Cherry 
(1979) and OU6 and 
OU2 site-specific data 

3 - 10 OU6 and OU2 site- 
specific data 

94-130 Das (1985) and OU6 
and OI12 site-specific 
data 

1-10 ~ gU2 site-specific data 

chermcals 
--€or specific orgamc 

7-1825 Howard, et al (1991) 
for specific orgmc 

- chemcals 
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TABLE3-2 

SURFACE WATER MAJOR PARAMETER VALUES 

Parameter Umts Range of Values* 

PrecipitatiodRunoff 
Nomnal soil moisture storage (LZSN,UZSN) inches 

Infiltration capacity index (INFILT) ln/hr 

Groundwater recession rate (AGWRC) per day 

Interception storage capacity (CEPSC) inches 

Trade-off between interflow and surface runoff (INTFW) none 

Interflow recession parameter (IRC) per day 

Ar temperature below whch precipitation w11 be snow d% F 
(TSNOW) 
Fraction of the land segment whch &hadd&om solar ".., none 
radiation (SHADE) -" 

Interception storage capacity of an impmous surface inches 
(RETSC) + 

.-% 

w_ 

Soil erosion 
I * 

Imtial storage of detached Pediment (DETSB) - - .  tondacre 

Fraction of detached sediment mhch reattaches achday 
(AFFIX) 
Flux to/fi-om atmosphere frodto detached storage@JVSI) 

Coefficient for detuhed sediment washff (KSER) 

Coefficient for soil scour (KGER) 

per day 

lbs /acre-day 

none 

none 

Hydioc@namics 

Median diameter of bed sediment (DBSO) 

Channel charactenstics as functions of the water surface 
elevation 

inches 

depth feet 

surface area sq feet 

volume cubic feet 

01 - 100 

0001 - 100 

001-10  

0 -  10 

nun of 0 (no max) 
0 - 1 0  

30 - 40 

0 - 1  

0 -  10 

mn of 0 (no max) 

0 -  1 

none 

0 - 1  

0 -  1 

0001 - 100 

none 

none 

none 
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TABLE 3-2 

SURFACE WATER MAJOR PARAMETER VALUES 

Parameter Unlts Range of Values* 

Contaminant Fate 

Ratio of volatilization rate to oxygen reaeration rate 
(CFGAS) 

states (KDJ) 

none mn of 0 (no max) 

Partitionlng coeffecient between dissolved and suspended none 0 - 1  

First-order biodegradation rate constant (KBIO) per day 0 - 1  

* Parameter ranges were obmned from the HSPF User’s Manual, 1984 

OU6 site-speclfic data will be used where avrulable 

** 
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TABLE 3-3 

PARAMETER VALUES FOR SOIL GAS MODELING 

Parameter Units Range of Values Source 

Surface Area of IHSS cm2 

Surface Cap Thickness cm 

Sod Cap An-fdled Porosity % 

Vapor Diffusion Coeff m An cm’/sw 

Thickness of contammated sod CIll  

Weight fraction of contammant m g/g 
waste % 

y.* 

Intrmsic permeabhty of sod em2*“ 

Liquid-phase concentration of g/cm3 
contammant 

lo6 - 10” 

10’ - 1 6  

Phase I1 RFI/RI 
Workplan (DOE 1992a) 

OU6 site-specdic data 

25-35 OU6 site-speclfic data 

10 -10.’ Compound-specdic, 
SEAM (1988a) or Lyman 
(1982) 

10 OU6 site-specdic data 

10 ’-10 OU6 sac-spec& data 

10 ’-10 k% OU6 site-specdic data 

10s-lOo ’ ““OU6 site-specdic data 

- -- 

(4oM362 0097 821) (TABLE3-3) (07/15/93 3 JOpm) Sheet 1 of 1 



i 
3 
I 
I 
1 
I 

. 

- -  

TABLE 3-4 

PARAMETER VALUES FOR AIR TRANSPORT AND DISPERSION MODELING 

Parameter Units Range of Values Source 

Jomt frequency distribution of Unitless fraction of one, 
stabhty class, wmd speed and total sum of all 
dlrection entries is one 

afternoon m m g  heights *r 

Mean annual mornmg and m SO-4000 

Particle sne Pm 1-80 

Particle slze distribution Unltlas fraction of one, 
total sum of all 
entries is one 

Contammated area (surface m2 403 - 104 
Ground Coverage % 0-100 

% 

h **, 
dunensions) 

Receptor location, above swce, m * 1-183 
distance from sgurce - % 

Surface roughness - cm ‘I-PI)U 

RFP Site Envronmental 
Report for 1990 (EG&G 
1991a) 

Data for Denver, CO from 
Holnvorth (1972) 

OU6 site-spec& data 

OU6 site-spec& data 

OU6 s&xqxafic data 

Aerial photos, on-site 
(=vegetated area) 
observations 

Scaled maps of elevation of 
study area 

Site observations correlated 
with documented criteria on 
assignmg appropriate surface 
roughness value 

s 
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SUMMARY 

In order to model the fate and transport of contammants at OU6 to specdic exposure 
pomt locations for the Human Health f i sk  Assessment, several models have been 
evaluated for apphcation to groundwater, surface water, and alr modehg Model 
selection was based on the followmg five criteria - 

1 The selected models should be able to mcofporate key processes known 
to occur at the site 
The selected models should be able to satlsfy the objectives of the study 
The selected models shadd be verdied usmg pubhshed equations and 
solutions 
The selected moa__should be complete and well clwumented and 
preferably avadable 3n the pn$hc domam 
The selected models &odd be practical and csSt-eff&t+ve ln terms of 
actual appktion as well as resolution of uncertarnty 

The followmg models were sc$ecfePf$o meet the requqefaents of the modehg study 

2 
3 

- -  

4 

5 

- 

- 
' % ?  

- - ---",- 
0 The,ONE3D analytical model €or contarnlnant fate and transport m 

groundwater % 1. 

The HSPF9 model fw surface water fate and transport 
The SEAM models for sod gas fate and transport, a box model for on- 
site ambient air cmtammant fate and transport, and FDM for off-site 
ambient alr contamrnant fate and transport of OU6 source an emissions 

.o 

0 

Data currently avadable for use as mput for the modehg activities were evaluated 
Tables 3-1, 3-2, 3-3 and 3-4 summarze the data currently avadable to estmate model 
parameters Data from the Phase 1 RFI/RI mvestigation wdl also be used m the 
modehg effort once those data become avadable 
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